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学位論文内容の要旨
This research is about the control method of manipulator in eye-vergence visual servoing system and sensorless 
grinding robot system. 
In 3・Dposition/or加ltationmeasurement of an object and 6・DoFvisual servoing， the proposed object tracking 
method utilizes an evolutionaηsearch technique of a genetic algorithm (GA) and a fitness evaluation based on stereo 
model matching whose pose is represented by unit quatemion that has a merit of no representation singularities， 
unlikely other representations. The convergence of the recognizing method is gu訂加teedby Lyapunov method. With a 
common sense of feedback control， we stress that improvements of the dynamics of the sensing unit are important for a 
stable visual servoing. We propose a method t'O improve dynamics in visual recognition， with compensating the fictional 
m'Oti'On 'Of the飽rgetin the camera images based 'On kinematics 'Of the manipulat'Or， by extracting the real m'Oti'On 'Of the 
target. We named it as hand-eye m'Oti'On feedf'Orward (MFF) meth'Od. The enhanced dynamics of rec'Ogniti'On gave 
ぬロherstability and precision t'O the t'Otal visual serv'Oing system， evaluated by ful 6・D'OFserv'Oing experiment using 
7・i加kmanipulat'Or.百lec'Onvergence time in step resp'Onse was ab'Out 10[s] and precise visual serv'Oing t'O a m'Oving 
ぬrget'Object has been achieved. M'Ore'Over， we pr'Op'Ose a new tw'O-way visual serv'Oing meth'Od， named as hand & 
eye-vergence visual serv'Oing. This meth'Od includes tw'O l'O'Ops: an 'Outer l'O'Op f'Or c'Onventional visual serv'Oing that 
directs a manipulat'Or t'Oward a target 'Object and an inner l'O'Op f'Or active m'Otion 'Of bin'Ocular camera for acc町ateand 
broad 'Observati'On of the target 'Object.百leeffectiveness 'Of the hand & eye-vergence visual servoing is evaluated 
thr'Ough simulati'Ons and experiments inc'O中'Oratedwith actual dynamics 'Of 7・D'OFr'Obot on the view points 'Of h'Ow the 
eye-vergence system impr'Oves the stabi1ty in visual servoing dynamics and the accuracy ofhand p'Ose. 
The sec'Ond part of the paper is concemed with a sensorless grinding rob'Ot system which is based on an analysis 
of the interacti'On between a manipulat'Or f'Or grinding process and a w'Orking 'Object in the切skspace. M'Oti'Ons 'Of the 
c'Onstrained dynamics of the robot are m'Odeled frst. In the m'Odel， the constrained forces are expressed in surface 
constraint dynamics and hidden c'Onstraint dynamics that are dual system of each other. Using this result， a new 
sens'Orles f'Orce c'Ontrol law is prop'Osed by taking advantages of the redundancy 'Of input generalized forces t'O the 
constrained f'Orces. A c'Ontr'Oler for a grinding r'Ob'Ot isthen c'Onstructed acc'Ording to this control law and with'Out 
inv'Olving any force sensors， which includes geometric constraint condition， and the convergence of the c'On仕olleris 













制御系で構成される 2重ビジュアルサーボ系を提案し，実験によりその有効性を確認した。また. VS 
のFoV問題についてEV機能を用いた改善方法について検討した。さらに提案する制御系は漸近安定であ
ること，また同時にカメラから見た対象物は画像中央に収束し漸近安定であることをリアプノフ法によ
り示した。
また，申請者はロボットのハンドの幾何学的拘束を受ける拘束運動についても研究を進め，位置と力
の同時制御方法を提案し.その漸近安定性をリアプノフ法により証明した。
以上を総合して，本論文は新しい制御方法を提案し実用上の有効性も示しており，学術的意義は高く，
本研究は博士論文として価値あるものと認められる。
